M - 



© 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 1 382 812 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

21 .01 .2004 Bu lletin 2004/04 

(21) Application number: 03014529.6 

(22) Date of filing: 04.07.2003 



(51) mtci7: F01N 9/00, F01 N 3/023, 
F16H 59/50, F02D 41/02 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT LI LU MC NL PT RO SE SI SK TR 

Designated Extension States: 
AL LT LV MK 

(30) Priority: 15.07.2002 JP 2002205045 

(71) Applicant: Mazda Motor Corporation 
Aki-gun, Hiroshima 735-8670 (JP) 



(72) Inventors: 

• Nishimura, Hiroyuki, Mazda Motor Corporation 
Aki-gun, Hiroshima 730-8670 (JP) 

• Yashiki, Eriko, Mazda Motor Corporation 
Aki-gun, Hiroshima 730-8670 (JP) 

(74) Representative: Muller-Bore & Partner 
Patentanwalte 
Grafinger Strasse 2 
81671 Miinchen (DE) 



(54) Engine exhaust particulate after-treatment system and corresponding computer program 



(57) An exhaust particulate trapping means (12) for 
trapping particulates in exhaust gases is provided in an 
exhaust path (3) of an engine (1). When the engine (1) 
enters a deceleration condition during the removal by 
burning of exhaust particulates trapped by the exhaust 
particulate trapping means (1 2) the flow rate of exhaust 



gases flowing into the exhaust particulate trapping 
means (12) is kept from dropping. Thus, the cooling ac- 
tion of the exhaust particulate trapping means (12) 
through heat exchange with the exhaust gases can be 
kept up to suppress that the temperature of the exhaust 
particulate trapping means (12) excessively rises on en- 
gine deceleration. 



FIG. 1 
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Description 

Technical Field 

[0001] This invention relates to an engine exhaust 
particulate after-treatment system. 



ticulate filter on engine deceleration which means the 
period of transition from a high load to idling condition. 
Therefore, the above problem cannot be solved by this 
known art technique, nor has it still been solved. 

Disclosure of the Invention 



Background Art 

[0002] For the purpose of purification of exhaust gas- 
es from diesel engines, there has been recently em- 
ployed a technology for trapping exhaust particulates 
such as carbon contained in exhaust gases by a partic- 
ulate filter disposed in an exhaust path of the engine to 
prevent atmospheric release. 

[0003] In such a diesel engine provided with a partic- 
ulate filter, when the amount of exhaust particulate ac- 
cumulated on the particulate filter reaches a saturation 
amount which is the limit to which the particulate filter 
can accumulate exhaust particulates, it is necessary to 
burn the accumulated exhaust particulates to regener- 
ate the function of the filter. 

[0004] As an example of filter regeneration tech- 
niques, there is known one for burning exhaust particu- 
lates in such a manner to raise the exhaust gas temper- 
ature by operating a heater provided in the particulate 
filter or by retarding the timing of fuel injection from a 
fuel injection valve behind that during normal operation 
to promote after-burning. 

[0005] In the above known technique, however, if the 
engine operating condition changes to a deceleration 
condition in the course of regeneration of the particulate 
filter, this may cause a problem that the temperature of 
the particulate filter may rise suddenly to deteriorate the 
durability thereof. 

[0006] More specifically, while the particulate filter 
during regeneration raises its temperature as a result of 
the burning of exhaust particulates, it suddenly raises 
its temperature, when the exhaust gas flow rate de- 
creases due to vehicle deceleration, because the par- 
ticulate filter attenuates its cooling action caused by the 
passage of exhaust gases therethrough (a cooling ac- 
tion caused by heat exchange between the exhaust gas- 
es and the particulate filter). 

[0007] Japanese Examined Patent Publication No. 
5-1 1 205 discloses a technique for suppressing dissolu- 
tion loss of a particulate filter, when the engine operating 
mode shifts from a high load to idling condition and the 
temperature of the particulate filter and the oxygen con- 
centration in exhaust gases then exceed their predeter- 
mined levels, by reducing the oxygen concentration in 
the exhaust gases to below the predetermined level. 
[0008] This known art technique, however, does not 
approach the problem of dissolution loss of the particu- 
late filter until the engine operating mode has shifted 
from a high load to idling condition and the temperature 
of the particulate filter increases, and does not intend to 
prevent the occurrence of temperature rise of the par- 



[0009] An object of the present invention is to provide 
an engine exhaust particulate after-treatment system 
10 that can suppress the temperature rise of a particulate 
filter on engine deceleration during the removal of ex- 
haust particulates. 

[0010] Another object of the present invention is to 
provide a computer program for suppressing the tern- 
's perature rise of a particulate filter on engine deceleration 
during the removal of exhaust particulates. 
[0011] To attain the first-mentioned object, the 
present invention is directed to an engine exhaust par- 
ticulate after-treatment system comprising exhaust par- 
20 ticulate trapping means provided in an exhaust path of 
an engine for trapping particulates in exhaust gases, 
and characterised by further comprising exhaust flow 
rate drop restriction means for restricting, on decelera- 
tion of the engine during the removal by burning of ex- 
25 haust particulates trapped by the exhaust particulate 
trapping means, the drop of the flow rate of exhaust gas- 
es flowing into the exhaust particulate trapping means. 
[0012] According to the present invention, even when 
the engine enters a deceleration condition during the re- 
30 moval by burning of exhaust particulates, restriction is 
made to the drop in the flow rate of exhaust gases flow- 
ing into the exhaust particulate trapping means. There- 
fore, the cooling action of the exhaust particulate trap- 
ping means through heat exchange with the exhaust 
35 gases can be kept up to suppress the temperature rise 
of the exhaust particulate trapping means. 
[0013] Preferably the above engine exhaust particu- 
late after-treatment system further comprises decelera- 
tion detecting means for detecting a deceleration con- 
40 dition of the engine, and operating condition detecting 
means for detecting an operating condition of the engine 
in which the exhaust gases are in such a high temper- 
ature range that the exhaust particulates trapped by the 
exhaust particulate trapping means can be removed by 
45 burning, and is configured to restrict, on the detection 
of the deceleration condition of the engine when the en- 
gine operating condition in which the exhaust gases are 
in the high temperature range is detected, the drop of 
the flow rate of exhaust gases flowing into the exhaust 
50 particulate trapping means. 

[0014] With this structure, even when the engine en- 
ters a deceleration condition while it is in an operating 
condition in which the exhaust gases are in the range of 
high temperatures and the exhaust particulates are re- 
55 moved by burning, the cooling action of the exhaust par- 
ticulate trapping means through heat exchange with the 
exhaust gases is kept up, which suppresses the tem- 
perature rise of the exhaust particulate trapping means. 
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[0015] Preferably, the engine exhaust particulate af- 
ter-treatment system further comprises exhaust partic- 
ulate amount detecting means for directly or indirectly 
detecting the amount of exhaust particulate trapped by 
the exhaust particulate trapping means, regeneration 5 
means for removing exhaust particulates trapped by the 
exhaust particulate trapping means by burning when the 
amount of exhaust particulate detected by the exhaust 
particulate amount detecting means reaches a prede- 
termined value, and deceleration detecting means for io 
detecting a deceleration condition of the engine, and is 
configured to restrict, when a deceleration condition of 
the engine is detected during the removal by burning of 
exhaust particulates by the regeneration means, the 
drop of the flow rate of exhaust gases flowing into the 15 
exhaust particulate trapping means. 
[0016] With this structure, even when the engine en- 
ters a deceleration condition while the exhaust particu- 
lates are removed by burning by the action of the regen- 
eration means, the cooling action of the exhaust partic- 20 
ulate trapping means through heat exchange with the 
exhaust gases is kept up, which suppresses the tem- 
perature rise of the exhaust particulate trapping means 
on engine deceleration. 

[0017] More preferably, the engine exhaust particu- 25 
late after-treatment system further comprises an ex- 
haust gas recirculation path for communicating part of 
the exhaust path upstream of the exhaust particulate 
trapping means with an intake path of the engine, an 
exhaust gas recirculation valve disposed in the exhaust 30 
gas recirculation path, exhaust gas recirculation amount 
setting means for setting the amount of recirculation of 
exhaust gases through the exhaust gas recirculation 
valve according to the operating condition of the engine, 
and exhaust gas recirculation amount compensation 35 
means for compensating for the amount of recirculation 
of exhaust gases set by the exhaust gas recirculation 
amount setting means, wherein the exhaust flow rate 
drop restriction means is formed by the exhaust gas re- 
circulation amount compensation means, and when a 40 
deceleration condition of the engine is detected by the 
deceleration detecting means during the removal by 
burning of exhaust particulates, the exhaust gas recir- 
culation amount compensation means subtractively 
compensates for the amount of recirculation of exhaust 
gases set by the exhaust gas recirculation amount set- 
ting means. 

[0018] With this structure, even when the engine en- 
ters a deceleration condition during the removal by burn- 
ing of exhaust particulates, the amount of recirculation so 
of exhaust gases is controlled to reduce it. The rate of 
the amount of exhaust gases supplied to the exhaust 
particulate trapping means with respect to the total 
amount of exhaust gases emitted from the engine can 
be increased. Therefore, the drop of the amount of ex- ss 
haust gases supplied to the exhaust particulate trapping 
means is restricted, which suppresses the temperature 
rise of the exhaust particulate trapping means on engine 



deceleration. 

[0019] As can be seen from the above, the following 
engine exhaust particulate after-treatment system is ef- 
fective in attaining the first object of the present inven- 
tion. 

[0020] Namely, the engine exhaust particulate after- 
treatment system comprises: 

a filter provided in an exhaust path of an engine for 
trapping particulates in exhaust gases; 
a sensor for detecting the amount of exhaust par- 
ticulate trapped by the filter; 
an exhaust gas recirculation path for communicat- 
ing part of the exhaust path upstream of the filter 
with an intake path of the engine; 
an exhaust gas recirculation valve disposed in the 
exhaust gas recirculation path; 
an injector for injecting fuel directly into a combus- 
tion chamber of the engine; 

a deceleration sensor for detecting a deceleration 
condition of the engine; and 

a control unit for controlling the operations of the 
injector and the exhaust gas recirculation valve us- 
ing a computer, 

wherein the control unit controls the injector to car- 
ry out a main injection of fuel in the vicinity of the top 
dead centre on the compression stroke to obtain engine 
power, 

wherein when the amount of exhaust particulate 
detected by the sensor reaches a predetermined value, 
the control unit controls the injector to carry out a post- 
injection of fuel after the main injection to raise the tem- 
perature of exhaust gases for the burning of exhaust 
particulates trapped by the filter, 

wherein the control unit sets the amount of recir- 
culation of exhaust gases according to the operating 
condition of the engine to operate the exhaust gas re- 
circulation valve; and 

wherein when a deceleration condition of the en- 
gine is detected by the deceleration sensor during the 
execution of the post-injection, the control unit compen- 
sates for the set amount of recirculation of exhaust gas- 
es subtractively to control the exhaust gas recirculation 
valve to restrict the drop of the flow rate of exhaust gases 
flowing into the filter. 

[0021] Preferably the engine exhaust particulate af- 
ter-treatment system further comprises : an intake throt- 
tle valve disposed in an intake path of the engine, intake 
throttle valve opening setting means for setting the 
opening of the intake throttle valve according to the op- 
erating condition of the engine, and intake throttle valve 
opening compensation means for compensating for the 
opening of the intake throttle valve set by the intake 
throttle valve opening setting means, wherein the ex- 
haust flow rate drop restriction means is formed by the 
intake throttle valve opening compensation means, and 
when a deceleration condition of the engine is detected 
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by the deceleration detecting means during the removal 
by burning of exhaust particulates, the intake throttle 
valve opening compensation means compensates for 
the opening of the intake throttle valve, which is control- 
led according to the engine operating condition to be- 
come wider. 

[0022] With this structure, even when the engine en- 
ters a deceleration condition during the removal by burn- 
ing of exhaust particulates, the opening angle of the in- 
take throttle valve is controlled to be a greater degree. 
Therefore, the amount of air taken into the engine is in- 
creased to restrict the drop of the flow rate of exhaust 
gases, which suppresses the temperature rise of the ex- 
haust particulate trapping means. 
[0023] The exhaust flow rate drop restriction means 
may be formed by the exhaust gas recirculation amount 
compensation means and the intake throttle valve open- 
ing compensation means. 

[0024] Preferably, the engine exhaust particulate af- 
ter-treatment system further comprises fuel injection 
means for injecting fuel into a combustion chamber of 
the engine, fuel injection cutoff means for cutting off fuel 
injection of the fuel injection means when a deceleration 
condition of the engine is detected by the deceleration 
detecting means, and fuel injection cutoff inhibition 
means for inhibiting the operation of the fuel injection 
cutoff means, wherein the exhaust flow rate drop restric- 
tion means is formed by the fuel injection cutoff inhibition 
means, and when a deceleration condition of the engine 
is detected by the deceleration detecting means during 
the removal by burning of exhaust particulates, the fuel 
injection cutoff inhibition means inhibits the fuel injection 
cutoff means from cutting off fuel injection. 
[0025] With this structure, even when the engine en- 
ters a deceleration condition during the removal by burn- 
ing of exhaust particulates, the cutoff of fuel injection is 
inhibited. It is therefore prevented that the engine speed 
decreases, i.e., that the amount of air taken into the en- 
gine is reduced. As a result, the drop of the flow rate of 
exhaust gases is restricted, which suppresses the tem- 
perature rise of the exhaust particulate trapping means 
on engine deceleration. 

[0026] The exhaust flow rate drop restriction means 
may be formed by at least one of the exhaust gas recir- 
culation amount compensation means and the intake 
throttle valve opening compensation means, and the fu- 
el injection cutoff inhibition means. 
[0027] Preferably, the engine exhaust particulate af- 
ter-treatment system further comprises an automatic 
transmission, gear ratio setting means for setting the 
gear ratio of the automatic transmission based on pre- 
determined shift lines according to the running condi- 
tions of a vehicle, and shift line compensation means for 
compensating for the shift lines of the gear ratio setting 
means, wherein the exhaust flow rate drop restriction 
means is formed by the shift line compensation means, 
and when a deceleration condition of the engine is de^ 
tected by the deceleration detecting means during the 



removal by burning of exhaust particulates, the shift line 
compensation means compensates for the shift lines of 
the gear ratio setting means to a higher vehicle speed 
side. 

s [0028] With this structure, even when the engine en- 
ters a deceleration condition during the removal by burn- 
ing of exhaust particulates, the shift lines are compen- 
sated for to a higher vehicle speed side so that the en- 
gine speed increases and therefore the amount of air 
10 taken into the engine is increased, or the engine speed 
is kept up. As a result, the drop of thef low rate of exhaust 
gases is restricted, which suppresses the temperature 
rise of the exhaust particulate trapping means on engine 
deceleration. 

15 [0029] The exhaust flow rate drop restriction means 
may be formed by at least one of the exhaust gas recir- 
culation amount compensation means, the intake throt- 
tle valve opening compensation means and the fuel in- 
jection cutoff inhibition means, and the shift line com- 
20 pensation means. 

[0030] Preferably the engine exhaust particulate af- 
ter-treatment system further comprises an automatic 
transmission, gear ratio setting means for setting the 
gear ratio of the automatic transmission based on pre- 
25 determined shift lines according to the running condi- 
tions of a vehicle, and gear ratio compensation means 
for compensating for the gear ratio set by the gear ratio 
setting means, wherein the exhaust flow rate drop re- 
striction means is formed by the gear ratio compensa- 
te tion means, and when a deceleration condition of the 
engine is detected by the deceleration detecting means 
during the removal by burning of exhaust particulates, 
the gear ratio compensation means compensates for 
the gear ratio set by the gear ratio setting means to a 
35 lower-speed stage side. 

[0031] With this structure, even when the engine en- 
ters a deceleration condition during the removal by burn- 
ing of exhaust particulates, the gear stage is compen- 
sated for to a lower-speed stage side so that the engine 
40 speed increases and therefore the amount of air taken 
into the engine is increased. As a result, the drop of the 
flow rate of exhaust gases is restricted, which suppress- 
es the temperature rise of the exhaust particulate trap- 
ping means on engine deceleration. 
^ [0032] The exhaust flow rate drop restriction means 
may be formed by at least one of the exhaust gas recir- 
culation amount compensation means, the intake throt- 
tle valve opening compensation means and the fuel in- 
jection cutoff inhibition means, and the gear ratio com- 
so pensation means. 

[0033] Preferably, the engine exhaust particulate af- 
ter-treatment system further comprises an automatic 
transmission, slip amount setting means for setting the 
slip amount between input and output members of a fluid 
55 coupling equipped with the automatic transmission ac- 
cording to the running conditions of a vehicle, and slip 
amount compensation means for compensating for the 
slip amount set by the slip amount setting means, 
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wherein the exhaust flow rate drop restriction means is 
formed by the slip amount compensation means, and 
when a deceleration condition of the engine is detected 
by the deceleration detecting means during the removal 
by burning of exhaust particulates, the slip amount com- 
pensation means additively compensates for the slip 
amount set by the slip amount setting means. 
[0034] With this structure, even when the engine en- 
ters a deceleration condition during the removal by burn- 
ing of exhaust particulates, the slip amount between in- 
put and output members of the fluid coupling is compen- 
sated for to become greater. Thus, the engine speed in- 
creases and therefore the amount of air taken into the 
engine is increased. As a result, the drop of the flow rate 
of exhaust gases is restricted, which suppresses the 
temperature rise of the exhaust particulate trapping 
means. 

[0035] To attain the second-mentioned object, the 
present invention is directed to a computer program for 
use in an engine exhaust particulate after-treatment 
system comprising exhaust particulate trapping means 
provided in an exhaust path of an engine for trapping 
particulates in exhaust gases, and flow rate control 
means for controlling the flow rate of exhaust gases 
flowing into the exhaust particulate trapping means, and 
characterised by the features described below. The 
computer program having the below-described features 
is useful, when the engine has fallen into a deceleration 
condition while it is in an operating condition in which 
the exhaust gases are in the range of high temperatures 
and the exhaust particulates are being removed by 
burning, for restricting the drop of the flow rate of ex- 
haust gases flowing into the exhaust particulate trapping 
to keep up the cooling action thereof through heat ex- 
change with the exhaust gases, thereby suppressing 
the temperature rise of the exhaust particulate trapping 
means. 

[0036] Namely, the computer program is character- 
ised by allowing a computer to execute: 

a first step of determining whether or not the engine 
is in an operating condition in which the exhaust 
gases are within such a high temperature range that 
the exhaust particulates trapped by the exhaust 
particulate trapping means can be removed by 
burning; 

a second step of determining whether or not the op- 
erating condition of the engine is in a deceleration 
condition; and 

a third step of activating the flow rate control means 
so that when the engine is in an operating condition 
in which the exhaust gases are within the high tem- 
perature range and in a deceleration condition, the 
drop of the flow rate of exhaust gases flowing into 
the exhaust particulate trapping means is restricted. 

[0037] Furthermore, the present invention is directed 
to a computer program, (product) and/or to a method for 



use in an engine exhaust particulate after-treatment 
system comprising exhaust particulate trapping means 
provided in an exhaust path of an engine for trapping 
particulates in exhaust gases, exhaust particulate 
5 amount detecting means for directly or indirectly detect- 
ing the amount of exhaust particulate trapped by the ex- 
haust particulate trapping means, removal-by-buming 
means for removing exhaust particulates trapped by the 
exhaust particulate trapping means by burning, and flow 
io rate control means for controlling the flow rate of ex- 
haust gases flowing into the exhaust particulate trapping 
means, and characterised by the features described be- 
low. The computer program having the below-described 
features is useful, when the engine has fallen into a de- 
15 celeration condition while the exhaust particulates are 
being removed by burning, for keeping up the cooling 
action of the exhaust particulate trapping means 
through heat exchange with the exhaust gases, thereby 
suppressing the temperature rise of the exhaust partic- 
le ulate trapping means. 

[0038] Namely, the computer program is character- 
ised by allowing a computer to execute and/or the meth- 
od comprises the following steps: 



25 a first step of determining whether or not the amou nt 
of exhaust particulate detected by the exhaust par- 
ticulate amount detecting means reaches a prede- 
termined value; 

a second step of activating the removal-by-buming 
30 means when the amount of exhaust particulate 
reaches the predetermined value; 
a third step of determining whether or not the oper- 
ating condition of the engine is in a deceleration 
condition; and 

35 a fourth step of activating the flow rate control 
means so that when it has been determined in the 
third step that the operating condition of the engine 
is in a deceleration condition while the removal-by- 
buming means is activated in the second step, the 

40 drop of the flow rate of exhaust gases flowing into 
the exhaust particulate trapping means is restricted 

Brief Description of the Drawings 

45 [0039] 

Figure 1 is a diagram showing the entire configura- 
tion of an engine exhaust particulate afterrtreatment 
system which is common to embodiments of the 
50 present invention. 

Figure 2 is a control block diagram in Embodiment 
1 of the present invention. 

Figure 3 is a post-injection timing map common to 
embodiments of the present invention. 
55 Figure 4 is a control flow chart in Embodiment 1 of 
the present invention. 

Figure 5 is time charts in Embodiment 1 of the 
present invention. 
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Figure 6 is a control flow chart in Embodiment 2 of 
the present invention. 

Figure 7 is a control block diagram in Embodiment 
3 of the present invention. 

Figure 8 is a control flow chart in Embodiment 3 of 
the present invention. 

Figure 9 is graphs respectively showing a normal 
shift pattern and a shift pattern for regeneration de- 
celeration in Embodiment 3 of the present inven- 
tion. 

Figure 10 is a graph showing a comparison between 
the normal shift pattern and the shift pattern for re- 
generation deceleration in Embodiment 3 of the 
present invention. 

Figure 11 a control block diagram in Embodiment 4 
of the present invention. 

Figure 12 is a control flowchart in Embodiment 4 of 
the present invention. 

Figure 13 a control block diagram in Embodiment 5 
of the present invention. 

Figure 14 is a control flowchart in Embodiment 5 of 
the present invention. 



Description of the Preferred Embodiments 

[0040] Hereinafter, description will be made about 
embodiments of the present invention with reference to 
the drawings. 

[0041] Figure 1 shows the entire configuration of an 
engine exhaust particulate after-treatment system 
which is common to embodiments of the present inven- 
tion. In the figure, the reference numeral 1 denotes a 
multi-cylinder (e.g., four-cylinder) diesel engine. The 
diesel engine 1 is connected with an intake path 2 and 
an exhaust path 3. 

[0042] In the intake path 2, in the order proceeding 
from its upstream to downstream side, an air cleaner 4, 
an airflow sensor 5, a blower 6a of a variable geometry 
turbocharger (VGT) 6, an inter-cooler 7, an intake throt- 
tle valve 8, an intake temperature sensor 9 and an intake 
pressure sensor 10 are disposed. 
[0043] In the exhaust path 3, in the order proceeding 
from its upstream to downstream side : a turbine 6b of 
the VGT 6, a movable vane 6c for controlling the flow 
rate of exhaust gases flowing into the turbine 6b, an ox- 
idation catalyst 11 and a particulate filter 12 are dis- 
posed. 

[0044] On the upstream and downstream sides of the 
particulate filter 12, exhaust pressure sensors 13 and 
1 4 as exhaust particulate amount sensors are disposed, 
respectively, to detect the amount of exhaust particulate 
accumulated on the particulate filter 1 2 based on the dif- 
ferential pressure between the exhaust pressure sen- 
sors 13 and 14. 

[0045] Furthermore, an exhaust gas recirculation 
path (EGR path) 15 is provided to connect the intake 
path 2 with the exhaust path 3. The EGR path 15 is pro- 
vided partway with a vacuum-actuated exhaust gas re- 



circulation valve (EGR valve) 16 and a cooler 17 for 
cooling exhaust gases using a cooling water for the en- 
gine. 

[0046] The reference numeral 18 denotes a fuel injec- 
5 tion pump for supplying fuel from a fuel tank (not shown) 
to a common rail 1 9 functioning as a pressure storage. 
[0047] The common rail 1 9 is connected to fuel injec- 
tion valves (injectors) 20 disposed in combustion cham- 
bers 1a of the individual cylinders (only one shown in 
10 Figure 1), and is provided with a fuel injection pressure 
sensor 21 , and a safety vafve 22 for opening itself to 
relieve fuel pressure toward the fuel tank when the fuel 
pressu re stored in the common rail 1 9 exceeds the max- 
imum allowable level. 
15 [0048] The reference numeral 23 denotes a crank an- 
gle sensor which acts as a deceleration sensor for de- 
tecting a deceleration condition of the engine, and the 
crank angle sensor 23 is arranged to detect the engine 
speed. 

20 

Embodiment 1 



[0049] Figure 2 is a control block diagram in Embod- 
iment 1, and shows a case of restricting, when the en- 

25 gine operating condition changes to a deceleration con- 
dition during the removal by burning of exhaust particu- 
lates, the drop of the flow rate of exhaust gases flowing 
into the particulate filter 12. The controls in this case in- 
clude: (a) compensating for the amount of recirculation 

30 of exhaust gases (EGR amount) subtractively; (b) com- 
pensating for the opening angle of the intake throttle 
valve 8 to become wider; and (c) inhibiting fuel injection 
cutoff during deceleration. 

[0050] Detection signals from the exhaust pressure 
35 sensors 13 and 14, the crank angle sensor 23 and an 
accel opening sensor 24 are input to an engine control 
unit 30 for controlling the intake throttle valve 8, the EGR 
valve 16 and the fuel injection valve 20. 
[0051 ] First, description will be made about fuel injec- 
40 tion control. 

[0052] The engine control unit 30 is provided with an 
exhaust particulate amount detecting means 30a for de- 
tecting the amount of exhaust particulate trapped by the 
particulate filter 12. 
45 [0053] The exhaust particulate amount detecting 
means 30a is configured to detect the amount of ex- 
haust particulate based on the differential pressure be- 
tween exhaust pressures upstream and downstream of 
the particulate filter 12. 
so [0054] Specifically, when the amount of exhaust par- 
ticulate trapped is increased, the exhaust pressure up- 
stream of the particulate filter 12 becomes higher and 
in turn the differential pressure becomes higher. There- 
fore, the exhaust particulate amount detecting means 
55 30a detects the amount of exhaust particulate trapped 
by the particulate filter 1 2 based on the differential pres- 
sure. 

[0055] A regeneration means (exhaust particulate re- 
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moval-by-burning means) 30b shown in Figure 2 is con- 
figured to execute, when the amount of exhaust partic- 
ulate detected by the exhaust particulate amount detect- 
ing means 30a reaches a first predetermined value 
equivalent to a saturation amount for the particulate filter 
12, not only a main injection in which fuel is injected in 
the vicinity of the top dead centre on the compression 
stroke but also a post-injection in which fuel is injected 
on the expansion stroke after the main injection to re- 
move exhaust particulates by burning and thereby re- 
generate the particulate filter 12. 
[0056] In other words, the regeneration means 30b al- 
lows the post-injected fuel to afterburn in the exhaust 
path 3 to raise the exhaust gas temperature, resulting 
in the removal by burning of exhaust particulates 
trapped by the particulate filter 12. 
[0057] The post-injection, as shown in Figure 3, is car- 
ried out only in a post-injection execution zone defined 
by the preset curves L1 and L2. More specifically, the 
operating zone outside of the preset curve L1 is a nat- 
urally regenerable zone where the engine speed and 
load are high and the exhaust gas temperature is origi- 
nally high. In this zone, execution of post- injection is in- 
hibited because it invites excessively high exhaust gas 
temperature by contrast to have an adverse effect on 
the thermal endurance of exhaust system elements. On 
the other hand, the operating zone inside of the preset 
curve L2 is the zone where the engine speed and load 
are low and the exhaust gas temperature is low. In this 
zone, even if post- injection is executed, the exhaust gas 
temperature will not reach the temperature at which ex- 
haust particulates can burn. Therefore, post-injection is 
inhibited to suppress deterioration in fuel economy. 
[0058] Furthermore, the engine control unit 30 is pro- 
vided with a deceleration detecting means 30c for de- 
tecting a deceleration condition of the engine based on 
the amount of change in accel opening, a fuel injection 
cutoff means 30d for cutting off fuel injection of the fuel 
injection valve 20 when the deceleration detecting 
means 30c detects a deceleration condition, and a fuel 
injection cutoff inhibition means 30e for inhibiting fuel 
injection cutoff of the fuel injection cutoff means 30d 
when a deceleration condition is detected while the re- 
generation means 30b is regenerating the particulate fil- 
ter 12. 

[0059] Next, description will be made about the con- 
trol of the EGR amount. 

[0060] The engine control unit 30 is further provided 
with an exhaust gas recirculation amount setting means 
(EGR amount setting means) 30f for setting the EGR 
amount with reference to a map plotted between engine 
speed and fuel injection amount (which is calculated 
based on the accel opening and the engine speed), and 
an exhaust gas recirculation amount compensation 
means (EGR amount compensation means) 30g for 
compensating for the EGR amount set by the EGR 
amount setting means 30f by subtracting some given 
amount from the set EGR amount when a deceleration 



condition is detected by the deceleration detecting 
means 30c. The map is plotted by previously assigning 
optimal EGR amounts according to engine speed and 
fuel injection amount. 
5 [0061] Next, description will be made about the con- 
trol of the intake throttle valve 8. 
[0062] The engine control unit 30 is further provided 
with an intake throttle valve opening setting means 30h 
for setting the opening angle of the intake throttle valve 
8 with reference to a map plotted between engine speed 
and fuel injection amount, and an intake throttle valve 
opening compensation means 30! for additively com- 
pensating for the opening angle of the intake throttle 
valve 8 set by the intake throttle valve opening setting 
means 30h to become wider by some given value when 
a deceleration condition has been detected by the de- 
celeration detecting means 30c. The map is plotted by 
previously assigning optimal opening angles of the in- 
take throttle valve according to engine speed and fuel 
injection amount. 

[0063] Next, description will be made about the con- 
trols of the fuel injection valve 20, the EGR valve 16, 
and the intake throttle valve 8 with reference to the flow 
chart in Figure 4. 

[0064] In step S1 of Figure 4, detection signals from 
various sensors such as the exhaust pressure sensors 
13 and 14, the fuel injection pressure sensor 21, the 
crank angle sensor 23 and the accel opening sensor 24 
are read. 

[0065] In step S2, the main injection amount of fuel 
injected in the vicinity of the top dead centre on the com- 
pression stroke is set by referring to a main injection 
amount map based on the engine speed and the accel 
opening, and the main injection timing is set by referring 
to a main injection timing map based on the engine 
speed and the fuel injection amount. The main injection 
amount map is plotted by previously assigning optimal 
main injection amounts according to engine speed and 
accel opening. The main injection timing map is plotted 
by previously assigning optimal main injection timings 
according to engine speed and fuel injection amount. 
[0066] In step S3, the EGR amount is set by referring 
to the related map based on the engine speed and the 
fuel injection amount. In this map, the EGR amounts are 
assigned to become larger as the engine speed is de- 
creased or as the fuel injection amount is reduced. 
[0067] In step S4, the opening angle of the intake 
throttle valve is set by referring to the related map based 
on the engine speed and the fuel injection amount. In 
this map, the opening angles of the intake throttle valve 
are assigned to become smaller (to approach its closed 
position) as the engine speed is decreased or as the fuel 
injection amount is reduced. 

[0068] In step S5, the amount of exhaust particulate 
trapped by the particulate filter 12 is detected based on 
the differential pressure between the exhaust pressure 
sensors 13 and 14. 

[0069] In step S6, it is determined whether or not the 
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amount of exhaust particulate detected in step S5 is 
above a first predetermined value equivalent to the sat- 
uration amount for the particulate filter 12. 
[0070] If the determination in step S6 is YES, i.e., if 
the particulate filter 12 has trapped exhaust particulates 
to an extent equivalent to its saturation amount, it is nec- 
essary to remove the exhaust particulates by burning 
and thereby regenerate the particulate filter 12. In this 
case, the program proceeds to step S7 wherein the 
post-injection amount and post-injection timing (here, 
both fixed values) are set, and then proceeds to step SB 
wherein a forced regeneration execution flag F is set at 
1. 

[0071] If the determination in step S6 is NO, the pro- 
gram proceeds to step S9 wherein it is determined 
whether or not the amount of exhaust particulate is be- 
low a second predetermined value (the value set to be 
smaller than the first predetermined value, e.g., a value 
near to zero). 

[0072] If the determination in step S9 is NO, this 
shows that the amount of exhaust particulate trapped is 
still large. In this case, the program proceeds to step S7 
wherein the post-injection amount and post-injection 
timing are set as described above. 
[0073] If the determination in step S9 is YES, i.e., if 
the particulate filter 12 is regenerated sufficiently, the 
program proceeds to step S10, without setting the post- 
injection amount and timing, in which the forced regen- 
eration execution flag F is set at 0. 
[0074] In step S1 1 , it is determined whether or not the 
engine enters a deceleration condition. If the determi- 
nation is YES, the program proceeds to step S1 2 where- 
in it is determined whether or nottheforced regeneration 
execution flag F is set at 1 . 

[0075] If the determination in step S12 is YES, i.e., 
when the operating condition changes to a deceleration 
condition during the removal by burning of exhaust par- 
ticulates, the program proceeds to steps S13, S14 and 
S15 in this order to execute the process for restricting 
the drop of the flow rate of exhaust gases flowing into 
the particulate filter 12. 

[0076] To be more specific, in step S13 : the subtrac- 
ts compensated value for the EGR amount (here, a 
fixed value regardless of any operating conditions) is 
first set. Thus, in the total flow rate of exhaust gases - 
emitted from the engine, the amount of exhaust gases 
recirculated to the intake path 2 is reduced. Therefore, 
the flow rate of exhaust gases flowing into the particulate 
filter 12 can be increased by the reduced EGR amount. 
[0077] In step S14, the additive compensated value i 
for the opening angle of the intake throttle valve 8 (here, 
a fixed value regardless of any operating conditions) is 
set. Thus, the amount of air taken into the engine is in- 
creased. Therefore, the flow rate of exhaust gases emit- 
ted from the engine can be increased by the increased f 
air amount. 

[0078] In step S15, fuel injection cutoff during engine 
deceleration is inhibited. This restricts drop in engine 



speed during deceleration to increase the amount of air 
taken into the engine. Therefore, the flow rate of exhaust 
gases emitted from the engine can be increased accord- 
ingly. 

5 [0079] If the determination in step S12 is NO, the pro- 
gram proceeds to step S16, without compensating for 
the EGR amount and the opening angle of the intake 
throttle valve 8, in which fuel injection cutoff during en- 
gine deceleration is carried out. 

*o [0080] If the determination in step S11 is NO, the pro- 
gram proceeds to step S17 without executing the pro- 
cedures in steps S13 to S15. 

[0081] In step S17, the fuel injection valve 20 is acti- 
vated such that main fuel injection is carried out accord- 
5 ing to the main injection amount and main injection tim- 
ing set in step S2, or such that when the post-injection 
amount and post-injection timing have been set in step 
S7, post-injection is additionally carried out. 
[0082] In step S18, the EGR valve 16 is activated to 
0 provide a final EGR amount determined based on the 
EGR amount set in step S3 and the subtractive com- 
pensated value for the EGR amount set in the step S13. 
[0083] In step S19, the actuator (not shown) for the 
intake throttle valve 8 is activated to provide a final open- 
5 ing angle of the intake throttle valve which is determined 
based on the intake throttle vale opening angle set in 
step S4 and the additive compensated value for the in- 
take throttle valve opening set in step S14. 
[0084] According to Embodiment 1 , as shown in the 
> time chart of Figure 5, when the engine enters a decel- 
eration condition under the condition that exhaust par- 
ticulates are being removed by burning, the opening an- 
gle of the EGR valve 1 6 is decreased to reduce the EGR 
amount as shown in the solid line in the chart. At the 
f same time, the opening angle of the intake throttle valve 
8 is increased as shown in the solid line in the chart, and 
fuel injection cutoff during deceleration is inhibited so 
that fuel is injected at the amount equivalent to that in- 
jected during idling as shown in the solid line in the chart. 
Thus, the drop of the flow rate of exhaust gases flowing 
into the particulate filter 12 can be restricted, resulting 
in suppression of temperature rise in the particulate filter 
12. 

Embodiment 2 

[0085] Next, description will be made about Embodi- 
ment 2 of the present invention. 

[0086] The phenomenon that the temperature of the 
particulate filter 12 rises on engine deceleration during 
the removal by burning of exhaust particulates equally 
arises not only on engine deceleration during a forced 
regeneration as described in Embodiment 1 but also on 
engine deceleration during a natural regeneration which 
is in the operating zone outside of the preset curve L1 
referred to in the description of Figure 3 and in which 
the engine speed and load are high and the exhaust gas 
temperature is originally high. 
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[0087] Embodiment 2 is the case of restricting, on en- 
gine deceleration during a natural regeneration, the 
drop of the flow rate of exhaust gases flowing into the 
particulate filter 12. The specific measures for restricting 
the drop of the flow rate of exhaust gases includes, like 
Embodiment 1 , (a) compensating for the amount of re- 
circulation of exhaust gases (EGR amount) subtractive- 
ly, (b) compensating for the opening angle of the intake 
throttle valve 8 to become wider, and (c) inhibiting fuel 
injection cutoff during engine deceleration. 
[0088] Description will be made below about the con- 
trols on the fuel injection valve 20, the EGR valve 16 
and the intake throttle valve 8 with reference to the flow 
chart of Figure 6. 

[0089] Steps S20 to S24 in Figure 6 are the same as 
steps S1 to S5 in Figure 4, and therefore the description 
of them will be omitted, 

[0090] In step S25, it is determined whether or not the 
amount of exhaust particulate detected in step S24 is 
above a third predetermined value (the value set to be 
smaller than the first predetermined value but larger 
than the second predetermined value, each described 
in Embodiment 1 ), i.e., whether or not the conditions that 
a certain amount of exhaust particulate has been 
trapped and the temperature of the particulate filter 12 
will rise by burning on engine deceleration hold true. 
[0091] lfthedeterminationinstepS25 is YES, thepro- 
gram proceeds to step S26 wherein it is determined 
whether or not the operating zone lies outside of the pre- 
set curve L1 shown in Figure 3. 

[0092] If the determination in step S26 is YES, i.e., 
when it has been determined that the operating condi- 
tion lies in the natural regeneration zone, the program 
proceeds to step S27 wherein a natural regeneration 
flag F is set at 1 . If the determination in step S26 is NO, 
the program proceeds to step S28 wherein the natural 
regeneration flag F is set at 0. 

[0093] Subsequent steps S29 to S37 are the same as 
steps S11 to S19 in Figure 4, and therefore toe detailed 
description of them will be omitted. To sum up, when it 
has been determined the engine enters a deceleration 
condition under the condition that the natural regenera- 
tion flag F is set at 1 , the program carries out the proce- 
dures in step S31 to S33 to reduce the EGR amount, 
increase the opening angle of the intake throttle valve 8 
and inhibit fuel injection cutoff during deceleration, re- 
sulting in restricting the drop of the flow rate of exhaust 
gases flowing into the particulate filter 12. 
[0094] According to Embodiment 2, even when the 
engine operating condition changes to a deceleration 
condition while in the natural regeneration zone outside 
of the preset curve L1 of Figure 3 in which exhaust par- 
ticulates are removed by burning, like the change to a 
deceleration condition during the forced regeneration, 
the EGR amount is reduced, the opening angle of the 
intake throttle valve 8 is increased and fuel injection cut- 
off on deceleration is inhibited. Thus, the drop of the flow 
rate of exhaust gases flowing into the particulate filter 
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12 can be restricted, resulting in suppression of the tem- 
perature rise of the particulate filter 12. 

Embodiment 3 

5 

[0095] Next, description will be made about Embodi- 
ment 3 of the present invention. 
[0096] Embodiment 3 is the case that when the en- 
gine enters a deceleration condition under the condition 
10 in which exhaust particulates are removed by burning, 
the shift lines for changing the gearratio of an automatic 
transmission are compensated for to a higher vehicle 
speed side to increase the engine speed and in turn in- 
crease the amount of air taken into the engine, or to re- 
is strict the drop of the engine speed, resulting in restricting 
the drop of the flow rate of exhaust gases flowing into 
the particulate filter 12. 

[0097] Figure 7 is a control block diagram of Embod- 
iment 3. As shown in the figure, the engine control unit 
30 is provided, like Embodiments 1 and 2, with an ex- 
haust particulate amount detecting means 30a and re- 
generation means 30b in order to control the fuel injec- 
tion valve 20 to remove exhaust particulates by burning. 
[0098] The exhaust particulate after-treatment sys- 
tem of this embodiment further includes an automatic 
transmission control unit 40. The automatic transmis- 
sion control unit 40 receives detection signals of the ac- 
cel opening sensor 24 and a vehicle speed sensor 26 
for the control of a shift solenoid 25 for an automatic 
transmission {not shown). 

[0099] The automatic transmission control unit 40 is 
provided with a deceleration detecting means 40a for 
detecting deceleration based on the amount of change 
in accel opening, a gear ratio setting means 40b for set- 
ting the gear ratio based on shift lines previously as- 
signed according to accel opening and vehicle speed, 
and shift line compensation means 40c for compensat- 
ing for the shift lines of the gear ratio setting means 40b 
to a higher vehicle speed side when a deceleration con- 
dition of the engine is detected by the deceleration de- 
tecting means 40a under the conditions that the amount 
of exhaust particulate detected by the exhaust particu- 
late amount detecting means 30a has reached the first 
predetermined value or more and the exhaust particu- 
lates are being removed by burning. 
[0100] Next, with reference to the flow chart of Figure 
8, the controls of the fuel injection valve 20 and the sift 
solenoid 25 will be described. 

[0101] In step S40 of Figure 8, detection signals from 
various sensors such as the exhaust pressure sensors 

13 and 14, the accel opening sensor 24 and the vehicle 
speed sensor 25 are read. 

[01 02] In the subsequent step S41 , the main injection 
amount of fuel injected in the vicinity of the top dead 
centre on the compression stroke is set by referring to 
a main injection amount map based on the engine speed 
and the accel opening, and the main injection timing is 
set by referring to a main injection timing map based on 
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the engine speed and the fuel injection amount. 
[01 03] In step S42, the amount of exhaust particulate 
trapped by the particulate filter 12 is detected based on 
the differential pressure between the exhaust pressure 
sensors 13 and 14. s 
[0104] In step S43, it is determined whether or not the 
amount of exhaust particulate detected in step S42 is 
above a first predetermined value equivalent to the sat- 
uration amount for the particulate filter 12. 
[0105] If the determination in step S43 is YES, i.e., if u 
the particulate filter 12 has trapped exhaust particulates 
to an extent equivalent to its saturation amount, it is nec- 
essary to remove the exhaust particulates by burning 
and thereby regenerate the particulate filter 12. In this 
case, the program proceeds to step S44 wherein the is 
post-injection amount and post-injection timing (here, 
both fixed values) are set and then proceeds to step 
S45 wherein a forced regeneration execution flag F is 
set at 1 . 

[0106] If the determination in step S43 is NO, the pro- 20 
gram proceeds to step S46 wherein it is determined 
whether or not the amount of exhaust particulate is be- 
low a second predetermined value (the value set to be 
smaller than the first predetermined value, e.g., a value 
near to zero). 2 5 
[0107] If the determination in step S46 is NO, this 
shows that the amount of exhaust particulate trapped is 
still large. In this case, the program proceeds to step 
S44 wherein the post-injection amount and post-injec- 
tion timing are set as described above. 30 
[0108] If the determination in step S46 is YES, i.e., if 
the particulate filter 12 is generated sufficiently, the pro- 
gram proceeds to step S47, without setting the post-in- 
jection amount and timing, in which the forced regener- 
ation execution flag F is set at 0. 35 
[0109] In the subsequent step S48, it is determined 
whether or not the engine enters a deceleration condi- 
tion. 

[0110] If the determination in stepS48 is YES, the pro- 
gram proceeds to step S49 wherein it is determined 40 
whether or not the forced regeneration execution flag F 
is set at 1 . 

[0111] If the determination in step S49 is YES, i.e., 
when the engine operating condition shifts to a deceler- 
ation condition during the removal by burning of exhaust 45 
particulates, the program proceeds to step S50 wherein 
a shift pattern for regeneration deceleration shown in 
Figure 9B is set as a shift pattern for the automatic trans- 
mission. 

[01 12] On the other hand, if the determination in step so 
S49 is NO, the program proceeds to step S51 wherein 
a normal shift pattern shown in Figure 9A is set as a shift 
pattern for the automatic transmission. 
[01 1 3] If the determination in step S48 is NO, the pro- 
gram proceeds to step S51 . 55 
[0114] At this point, a difference between the above 
two shift patterns will be described with reference to Fig- 
ure 10. The solid line in Figure 10 indicates the normal 



shift pattern, while the broken line in Figure 10 indicates 
the shift pattern for regeneration deceleration. The shift 
pattern for regeneration deceleration is set to a higher 
vehicle speed side than the normal shift pattern . 
[0115] In the subsequent step S52, the fuel injection 
valve 20 is activated such that main fuel injection is car- 
ried out according to the main injection amount and main 
injection timing set in step S41, or such that when the 
post-injection amount and post-injection timing have 
> been set in step S44, post-injection is additionally car- 
ried out. 

[0116] In step S53, the shift solenoid 25 is activated 
such that the gear ratio is controlled according to the 
shift pattern set in either step S50 or step S51 . 
[0117] According to Embodiment 3, when the engine 
enters a deceleration condition under the condition that 
exhaust particulates are removed by burning, the shift 
lines for changing the gear ratio of the automatic trans- 
mission are compensated for to a higher vehicle speed 
side. Thus, the engine speed can be increased to in- 
crease the amount of air taken into the engine, or the 
drop of the engine speed can be restricted. Therefore, 
the drop of the flow rate of exhaust gases flowing into 
the particulate filter 1 2 can be restricted. 

Embodiment 4 

[0118] Next, description will be made about Embodi- 
ment 4 of the present invention. 

[0119] In the case shown in Embodiment 3, the shift 
lines for changing the gear ratio of the automatic trans- 
mission is compensated for to a higher vehicle speed 
side when the engine enters a deceleration condition 
under the condition that exhaust particulates are re- 
moved by burning. Embodiment 4 is the case of forcibly 
changing the gear ratio, which is set according to the 
shift lines, to a one-stage lower speed side instead of 
compensating for the shift lines. 

[01 20] Figure 1 1 is a control block diagram of Embod- 
iment 4. This embodiment is the same as Embodiment 
3, except that a gear ratio compensation means 40b is 
provided instead of the shift line compensation means 
40c in Embodiment 3. 

[0121] The gear ratio compensation means 40d is 
configured to forcibly compensate for the gear ratio set 
by the gear ratio setting means 40b to a one-stage lower 
speed side. 

[0122] Next, with reference to the flow chart of Figure 
12, the controls of the fuel injection valve 20 and the sift 
solenoid 25 will be described. 

[0123] In step S60 of Figure 1 2, detection signals from 
various sensors such as the exhaust pressure sensors 
13 and 14, the accel opening sensor 24 and the vehicle 
speed sensor 25 are read. 

[0124] In the subsequent step S61 , the main injection 
amount of fuel injected in the vicinity of the top dead 
centre on the compression stroke is set by referring to 
a main injection amount map based on the engine speed 
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and the accel opening, and the main injection timing is 
set by referring to a main injection timing map based on 
the engine speed and the fuel injection amount. 
[0125] In step S62, the gear ratio is set according to 
the accel opening and vehicle speed at the time with 
reference to a normal shift pattern (for example, Figure 
9 A as described above). 

[0126] In step S63, the amount of exhaust particulate 
trapped by the particulate filter 12 is detected based on 
the differential pressure between the exhaust pressure 
sensors 13 and 14. 

[0127] In stepS64, it is determined whether or not the 
amount of exhaust particulate detected in step S63 is 
above a first predetermined value equivalent to the sat- 
uration amount for the particulate filter 12. 
[0128] If the determination in step S64 is YES, i.e., if 
the particulate f ilter 12 has trapped exhaust particulates 
to an extent equivalent to its saturation amount, it is nec- 
essary to remove the exhaust particulates by burning 
and thereby regenerate the particulate filter 12. In this 
case, the program proceeds to step S65 wherein the 
post-injection amount and post-injection timing (here, 
both fixed values) are set and then proceeds to step 
S66 wherein a forced regeneration execution flag F is 
set at 1 . 

[01 29] If the determination in step S64 is NO, the pro- 
gram proceeds to step S67 wherein it is determined 
whether or not the amount of exhaust particulate is be- 
low a second predetermined value (the value set to be 
smaller than the first predetermined value, e.g., a value 
near to zero). 

[0130] If the determination in step S67 is NO, this 
shows that the amount of exhaust particulate trapped is 
still large. In this case, the program proceeds to step 
S65 wherein the post-injection amount and post-injec- 
tion timing are set as described above. 
[0131] If the determination in step S67 is YES, i.e., if 
the particulate filter 12 is regenerated sufficiently, the 
program proceeds to step S68, without setting the post- 
injection amount and timing and changing the gear ratio 
to a lower-speed stage side, in which the forced regen- 
eration execution flag F is set at 0. 
[0132] In the subsequent step S69, it is determined 
whether or not the engine enters a deceleration condi- 
tion. 

[0133] If the determination in stepS69 is YES, the pro- 
gram proceeds to step S70 wherein it is determined 
whether or not the forced regeneration execution flag F 
is set at 1 . 

[0134] If the determination in step S70 is YES, i.e., 
when the engine operating condition has changed to a 
deceleration condition during the removal by burning of 
exhaust particulates, the program proceeds to step S71 
wherein the gear ratio set in step S62 is compensated 
for to a one-stage lower speed side. 
[0135] On the other hand, if the determination in step 

570 is NO, the program bypasses the procedure in step 

571 and jumps to step S72. 



[0136] If the determination in step S69 is NO, the pro- 
gram also jumps to step S72. 

[0137] In step S72. the fuel injection valve 20 is acti- 
vated such that main fuel injection is carried out accord- 

5 ing to the main injection amount and main injection tim- 
ing set in step S61 , or such that when the post-injection 
amount and post-injection timing have been set in step 
S65 : post-injection is additionally carried out. 
[0138] In step S73, the shift solenoid 25 is activated 

io such that the gear ratio is either the value set in step 
S62 or the value changed in step S71. 
[0139] According to Embodiment 4, when the engine 
enters a deceleration condition under the condition that 
exhaust particulates are removed by burning, the gear 

'5 ratio of the automatic transmission is compensated for 
to a one-stage lower speed side. Thus, the engine 
speed can be increased to increase the amount of air 
taken into the engine. Therefore, the drop of the flow 
rate of exhaust gases flowing into the particulate filter 

20 12 can be restricted. 

Embodiment 5 

[0140] Next, description will be made about Embodi- 
es ment 5 of the present invention. 

[0141] Embodiment 5 is the case that when the en- 
gine enters a deceleration condition under the condition 
that exhaust particulates are removed by burning, the 
slip amount between input and output members of a 
30 torque converter (not shown) as a fluid coupling 
equipped with an automatic transmission is changed to 
increase. 

[0142] Figure 13 is a control block diagram of Embod- 
iment 5. As shown in the figure, the engine control unit 

35 30 is provided, like Embodiments 1 and 2, with an ex- 
haust particulate amount detecting means 30a and re- 
generation means 30b in order to control the fuel injec- 
tion valve 20 to remove exhaust particulates by burning. 
[0143] The exhaust particulate after-treatment sys- 

40 tern of this embodiment further includes an automatic 
transmission control unit 40. The automatic transmis- 
sion control unit 40 receives detection signals of the ac- 
cel opening sensor24 and the vehicle speed sensor (not 
shown), and allows a lockup clutch control solenoid 27 
to control a lockup clutch (not shown) for adjusting the 
engagement condition (slip amount) between the input 
and output members of the torque converter (not 
shown). 

[0144] The automatic transmission control unit 40 is 
so provided with a deceleration detecting means 40a for 
detecting deceleration based on the amount of change 
in accel opening, a slip amount setting means 40e for 
setting the slip amount according to the accel opening 
and the vehicle speed, and a shift amount compensation 
55 means 40f for changing the slip amount set by the slip 
amount setting means 40e to increase it when an engine 
deceleration condition is detected by the deceleration 
detecting means 40a under the conditions that the 
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amount of exhaust particulate detected by the exhaust 
particulate amount detecting means 30a has reached 
the first predetermined value or more and the exhaust 
particulates are being removed by burning. 
[01 45] Next, with reference to the flow chart of Figure 5 
14, the controls of the fuel injection valve 20 and the 
lockup clutch control solenoid 27 will be described. 
[01 46] I n step S80 of Figure 1 4, detection signals from 
various sensors such as the exhaust pressure sensors 
13 and 14, the accel opening sensor 24 and the vehicle io 
speed sensor 25 are read. 

[0147] In the subsequent step S81 , the main injection 
amount of fuel injected in the vicinity of the top dead 
centre on the compression stroke is set by referring to 
a main injection amount map based on the engine speed is 
and the accel opening, and the main injection timing is 
set by referring to a main injection timing map based on 
the engine speed and the fuel injection amount. 
[0148] In step S82, the slip amount is set by referring 
to a slip amount map based on the accel opening and 20 
the vehicle speed. 

[01 49] I n step S83, the amount of exhaust particulate 
trapped by the particulate filter 12 is detected based on 
the differential pressure between the exhaust pressure 
sensors 1 3 and 14. 25 
[01 50] In step S84, it is determined whether or not the 
amount of exhaust particulate detected in step S83 is 
above a first predetermined value equivalent to the 
saturation . amount for the particulate filter 12. 
[0151] If the determination in step S84 is YES, i.e., if 30 
the particulate filter 12 has trapped exhaust particulates 
to an extent equivalent to its saturation amount, it is nec- 
essary to remove the exhaust particulates by burning 
and thereby regenerate the particulate filter 12. In this 
case, the program proceeds to step S85 wherein the 35 
post-injection amount and post-injection timing (here, 
both fixed values) are set and then proceeds to step 
S86 wherein a forced regeneration execution flag F is 
set at 1 . 

[01 52] If the determination in step S84 is NO, the pro- 40 
gram proceeds to step S87 wherein it is determined 
whether or not the amount of exhaust particulate is be- 
low a second predetermined value (the value set to be 
smaller than the first predetermined value, e.g. , a value 
near to zero). " 45 

[0153] If the determination in step S87 is NO, this 
shows that the amount of exhaust particulate trapped is 
still large. In this case, the program proceeds to step 
S85 wherein the post-injection amount and post-injec- 
tion timing are set as described above. 50 
[0154] If the determination in step S87 is YES, i.e., if 
the particulate filter 12 is regenerated sufficiently, the 
program proceeds to step S88, without setting the post- 
injection amount and timing and changing the gear ratio 
to a lower-speed stage side, in which the forced regen- 55 
eration execution flag F is set at 0. 
[0155] In the subsequent step S89, it is determined 
whether or not the engine enters a deceleration condi- 



tion. 

[01 56] If the determination in step S89 is YES, the pro- 
gram proceeds to step S90 wherein it is determined 
whether or not the forced regeneration execution flag F 
is set at 1 . 

[0157] If the determination in step S90 is YES, i.e., 
when the engine operating condition has changed to a 
deceleration condition during the removal by burning of 
exhaust particulates, the program proceeds to step S91 
wherein the slip amount set in step S82 is additively 
compensated for by some given amount (in this case, a 
fixed amount). 

[0158] On the other hand, if the determination in step 

590 is NO, the program bypasses the procedure in step 

591 and jumps to step S92. 

[01 59] If the determination in step S89 is NO, the pro- 
gram also jumps to step S92. 

[0160] In step S92, the fuel injection valve 20 is acti- 
vated such that main fuel injection is carried out accord- 
ing to the main injection amount and main injection tim- 
ing set in step S81 , or such that when the post-injection 
amount and post-injection timing have been set in step 
S85 : post-injection is additionally carried out. 
[0161] In step S93, the lockup clutch control solenoid 
27 is activated such that the slip amount is either the 
value set in step S82 or the value changed in step S91 . 
[0162] According to Embodiment 5, when the engine 
enters a deceleration condition under the condition that 
exhaust particulates are removed by burning, the slip 
amount of the torque converter is additively compensat- 
ed for. Thus, the engine speed can be increased to in- 
crease the amount of air taken into the engine. There- 
fore, the drop of the flow rate of exhaust gases flowing 
into the particulate filter 12 can be restricted. 
[0163] Embodiments 1 and 2 disclose the case where 
the EGR amount set in the EGR map is reduced by a 
fixed amount when the engine enters a deceleration 
condition under the condition that exhaust particulates 
are removed by burning. Alternatively, individual EGR 
maps may be plotted for the normal condition and the 
condition where the engine enters a deceleration con- 
dition while exhaust particulates are being removed by 
burning, respectively, and both the maps may be sepa- 
rately used for the two conditions to reduce the EGR 
amount. 

[0164] Embodiments 1 and 2 disclose the case where 
the EGR amount set in the EGR map is reduced by a 
fixed amount when the engine enters a deceleration 
condition under the condition that exhaust particulates 
are removed by burning. At the time, the EGR amount 
may be reduced to zero. 

[01 65] Embodiments 1 and 2 disclose the case where 
the intake throttle valve opening set in the intake throttle 
valve opening map is compensated for to become wider 
by some given amount when the engine enters a decel- 
eration condition under the condition that exhaust par- 
ticulates are removed by burning. Alternatively, individ- 
ual intake throttle valve opening maps may be plotted 
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for the normal condition and the condition where the en- 
gine enters a deceleration condition while exhaust par- 
ticulates are being removed by burning, respectively, 
and both the maps may be separately used for two con- 
ditions to additivefy compensate for the intake throttle 
valve opening. 

[01 66] Embodiments 1 and 2 disclose the case where 
a several kinds of engine controls including subtractive 
compensation of the EGR amount, additive compensa- 
tion of the intake throttle valve opening and inhibition of 
fuel injection cutoff are carried out in combination. Alter- 
natively, at least one of the above engine controls may 
be carried out in combination with at least one of the 
automatic transmission controls including compensa- 
tion of the shift lines for the automatic transmission to a 
higher vehicle speed side, compensation of the gear ra- 
tio to a one-stage lower speed side, and additive com- 
pensation of the slip amount. 

[0167] Embodiments 3 to 5 disclose the cases that 
when the engine enters a deceleration condition during 
execution of forced regeneration , the shift lines are com- 
pensated for to a higher vehicle speed side, the gear 
ratio is compensated for to a one-stage lower speed 
side, and the slip amount is additively compensated for, 
respectively. Similar controls may also be conducted 
when the operating condition enters a deceleration con- 
dition under a natural regeneration condition lying in the 
operating zone outside of the preset curve L1 in Figure 
3 

[0168] Some of the above embodiments disclose 
post-injection as an exemplary manner to remove ex- 
haust particulates by burning. Instead of this, the fuel 
injection timing for main injection may be retarded to 
cause afterburning. Alternatively, the particulate filter 1 2 
may be provided with a heater so that exhaust particu- 
lates can be removed by burning with the heater. 
[0169] The above embodiments disclose the case 
where an engine deceleration condition is detected 
based on the amount of change in accel opening. In- 
stead of this, various kinds of manners to detect a de- 
celeration condition are applicable to this invention. For 
example, a deceleration condition may be detected 
based on the amount of change in engine speed. Alter- 
natively, when the engine speed is an idling speed or 
more and the accel opening is narrowed to the opening 
corresponding to an idling operation, it may be detected 
as a deceleration condition. 

[0170] In the above embodiments, the controls in the 
present invention are carried out by storing the compu- 
ter programs for the controls in memories of the engine 
control unit 30 and the automatic transmission control 
unit 40. Such controls may be carried out by storing the 
computer programs in a storage media (such as a 
CD-ROM) separate from the control units 30 and 40. 
[0171] Alternatively, the controls may be carried out 
by obtaining the computer programs through a wireless 
communication means such as the Internet and storing 
the obtained programs in a writable ROM. 



Claims 

1 . An engine exhaust particulate after-treatment sys- 
tem comprising exhaust particulate trapping means 

5 provided in an exhaust path of an engine for trap- 

ping particulates in exhaust gases, characterised 
by further comprising exhaust flow rate drop restric- 
tion means for restricting, on deceleration of the en- 
gine during the removal by burning of exhaust par- 

10 ticulates trapped by the exhaust particulate trapping 
means, the drop of the flow rate of exhaust gases 
flowing into the exhaust particulate trapping means. 

2. The engine exhaust particulate after-treatment sys- 
15 tern of Claim 1 , characterised by further compris- 
ing: 

deceleration detecting means for detecting a 
deceleration condition of the engine; and 
20 operating condition detecting means for detect- 

ing an operating condition of the engine in 
which the exhaust gases are in such a high tem- 
perature range that the exhaust particulates 
trapped by the exhaust particulate trapping 
25 means can be removed by burning, 

wherein the exhaust flow rate drop restriction 
means is configured to restrict, on the detection of 
the deceleration condition of the engine when the 
30 engine operating condition in which the exhaust 
gases are in the high temperature range is detect- 
ed, the drop of the flow rate of exhaust gases flow- 
ing into the exhaust particulate trapping means. 

35 3. The engine exhaust particulate after-treatment sys- 
tem of Claim 1 , characterised by further compris- 
ing: 

exhaust particulate amount detecting means 
40 for directly or indirectly detecting the amount of 

exhaust particulate trapped by the exhaust par- 
ticulate trapping means; 
regeneration means for removing exhaust par- 
ticulates trapped by the exhaust particulate 
45 trapping means by burning when the amount of 

exhaust particulate detected by the exhaust 
particulate amount detecting means reaches a 
predetermined value; and 
deceleration detecting means for detecting a 
50 deceleration condition of the engine, 

wherein the exhaust flow rate drop restriction 
means is configured to restrict, when a deceleration 
condition of the engine is detected during the re- 
55 moval by burning of exhaust particulates by the re- 
generation means, the drop of the flow rate of ex- 
haust gases flowing into the exhaust particulate 
trapping means. 
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4. The engine exhaust particulate after-treatment sys- 
tem of any one of Claims 1 to 3, characterised by 
further comprising: 

an exhaust gas recirculation path forcommunh s 
eating part of the exhaust path upstream of the 
exhaust particulate trapping means with an in- 
take path of the engine; 
an exhaust gas recirculation valve disposed in 
the exhaust gas recirculation path; 10 
exhaust gas recirculation amount setting 
means for setting the amount of recirculation of 
exhaust gases through the exhaust gas recir- 
culation valve according to the operating con- 
dition of the engine; and is 
exhaust gas recirculation amount compensa- 
tion means for compensating the amount of re- 
circulation of exhaust gases set by the exhaust 
gas recirculation amount setting means, 

20 

wherein the exhaust flow rate drop restriction 
means is formed by the exhaust gas recirculation 
amount compensation means, and when a deceler- 
ation condition of the engine is detected by the de- 
celeration detecting means during the removal by 25 
burning of exhaust particulates, the exhaust gas re- 
circulation amount compensation means subtrac- 
tively compensates for the amount of recirculation 
of exhaust gases set by the exhaust gas recircula- 
tion amount setting means. 30 

5. The engine exhaust particulate after-treatment sys- 
tem of any one of Claims 1 to 4, characterised by 
further comprising: 

35 

an intake throttle valve disposed in an intake 
path of the engine; 

intake throttle valve opening setting means for 
setting the opening of the intake throttle valve 
according to the operating condition of the en- 40 
gine; and 

intake throttle valve opening compensation 
means for compensating for the opening of the 
intake throttle valve set by the intake throttle 
valve opening setting means, 45 

wherein the exhaust flow rate drop restriction 
means is formed by the intake throttle valve opening 
compensation means, and when a deceleration 
condition of the engine is detected by the deceler- so 
ation detecting means during the removal by burn- 
ing of exhaust particulates, the intake throttle valve 
opening compensation means compensates for the 
opening of the intake throttle valve, which is con- 
trolled according to the engine operating condition, 55 
to become wider. 

6. The engine exhaust particulate after-treatment sys- 



tem of any one of Claims 4 or 5, characterised by 
further comprising: 

fuel injection means for injecting fuel into a 
combustion chamber of the engine; 
fuel injection cutoff means for cutting off fuel in- 
jection of the fuel injection means when a de- 
celeration condition of the engine is detected 
by the deceleration detecting means; and 
fuel injection cutoff inhibition means for inhibit- 
ing the operation of the fuel injection cutoff 
means, 

wherein the exhaust flow rate drop restriction 
means is formed by the fuel injection cutoff inhibi- 
tion means, and when a deceleration condition of 
the engine is detected by the deceleration detecting 
means during the removal by burning of exhaust 
particulates, the fuel injection cutoff inhibition 
means inhibits the fuel injection cutoff means from 
cutting off fuel injection. 

7. The engine exhaust particulate after-treatment sys- 
tem of any one of Claims 1 to 6, 
characterised by further comprising: 

an automatic transmission; 
gear ratio setting means for setting the gear ra- 
tio of the automatic transmission based on pre- 
determined shift lines according to the running 
conditions of a vehicle; and 
shift line compensation means for compensat- 
ing for the shift lines of the gear ratio setting 
means, 

wherein the exhaust flow rate drop restriction 
means is formed by the shift line compensation 
means, and when a deceleration condition of the 
engine is detected by the deceleration detecting 
means during the removal by burning of exhaust 
particulates, the shift line compensation means 
compensates for the shift lines of the gear ratio set- 
ting means to a higher vehicle speed side. 

8. The engine exhaust particulate after-treatment sys- 
tem of any one of Claims 1 to 6, characterised by 
further comprising: 

an automatic transmission; 
gear ratio setting means for setting the gear ra- 
tio of the automatic transmission based on pre- 
determined shift lines according to the running 
conditions of a vehicle; and 
gear ratio compensation means for compensat- 
ing for the gear ratio set by the gear ratio setting 
means, 

wherein the exhaust flow rate drop restriction 
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means is formed by the gear ratio compensation 
means, and when a deceleration condition of the 
engine is detected by the deceleration detecting 
means during the removal by burning of exhaust 
particulates, the gear ratio compensation means 5 
compensates for the gear ratio set by the gear ratio 
setting means to a lower-speed stage side. 

9. The engine exhaust particulate after-treatment sys- 
tem of any one of Claims 1 to 6, characterised by 10 
further comprising: 

an automatic transmission; 
slip amount setting means for setting the slip 
amount between input and output members of is 
a fluid coupling equipped with the automatic 
transmission according to the running condi- 
tions of a vehicle; and 

slip amount compensation means for compen- 
sating for the slip amount set by the slip amount 20 
setting means, 

wherein the exhaust flow rate drop restriction 
means is formed by the slip amount compensation 
means, and when a deceleration condition of the 25 
engine is detected by the deceleration detecting 
means during the removal by burning of exhaust 
particulates, the slip amount compensation means 
additively compensates for the slip amount set by 
the slip amount setting means. 30 

10. A computer program for use in an engine exhaust 
particulate after-treatment system comprising ex- 
haust particulate trapping means provided in an ex- 
haust path of an engine for trapping particulates in 35 
exhaust gases, exhaust particulate amount detect- 
ing means for directly or indirectly detecting the 
amount of exhaust particulate trapped by the ex- 
haust particulate trapping means, removal-by-burn- 
ing means for removing exhaust particulates 40 
trapped by the exhaust particulate trapping means 

by burning, and flow rate control means for control- 
ling the flow rate of exhaust gases flowing into the 
exhaust particulate trapping means, characterised 
by allowing a computer to execute: 45 

a first step of determining whether or not the 
amount of exhaust particulate detected by the 
exhaust particulate amount detecting means 
reaches a predetermined value; so 
a second step of activating the removal-by- 
burning means when the amount of exhaust 
particulate reaches the predetermined value; 
a third step of determining whether or not the 
operating condition of the engine is in a decel- 55 
eration condition; and 

a fourth step of activating the flow rate control 
means so that when it has been determined in 



the third step that the operating condition of the 
engine is in a deceleration condition while the 
removal-by-burning means is activated in the 
second step, the drop of the flow rate of exhaust 
gases flowing into the exhaust particulate trap- 
ping means is restricted. 
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